Purpose: This study examined reception thresholds for sentences (RTSs) as a function of test session (N = 5) and noise (continuous and interrupted) in normal-hearing adults. It was hypothesized that RTSs would be superior in interrupted noise and would be stable across repeated testing. Method: Twenty-five normal-hearing adults participated. RTSs were determined with Hearing in Noise Test sentences in continuous and interrupted noise presented at 65 dBA. An adaptive technique was used where sentences varied in intensity to converge on a level of 50% of correct performance. Sentence lists were counterbalanced with 5 unique lists in both continuous and interrupted noise.
A udiologists routinely use sentence recognition testing in noise as part of a basic battery to measure auditory function and/or assess rehabilitation. Repeated testing is often necessary and compulsory. Two issues are apparent with repeated sentence recognition testing. First, one needs assurance that test scores are reliable from test to retest. Numerous researchers have demonstrated good test-retest reliability of sentence recognition materials in noise from one test session to a second (see, e.g., Bentler, 2000; Brown, Cameron, Martin, Watson, & Dillon, 2010; Dawson, Hersbach, & Swanson, 2013; Kuk et al., 2010; Pugh, Crandell, & Griffiths, 1998; Terband & Drullman, 2008; Theunissen, Hanekom, & Swanepoel, 2011) . Repeated (i.e., more than two) measurements of sentence recognition may be problematic if performance is affected by learning in the absence of an underlying general improvement in speech perception (Yund & Woods, 2010) . That is, performance may improve by either learning the "content" of sentence recognition materials or the "procedures" of the sentence recognition testing itself. "Procedural learning includes learning about the listening environment, properties of the noise, talker's voices, and articulation patterns, syntactic and semantic regularities in sentence material I which would facilitate test performance" (Yund & Woods, 2010, p. 776) .
There is evidence of content and procedural learning with sequential measures of sentence recognition thresholds in continuous noise. Yund and Woods (2010) measured sentence recognition thresholds with the Hearing in Noise Test (HINT; Nilsson, Soli, & Sullivan, 1994) in eight normal-hearing adult listeners, ranging in age from 21 to 51 years (M = 35.3), across five successive test sessions on different days. Each test session included repeated sentence lists with additional unique lists in the first and fifth sessions. This design allowed for the assessment of content learning of repeated sentences and procedural learning across unique lists presented throughout the first and last session. They found statistically significant content learning on the repeated sentences across the five sessions. There was, however, no significant improvement across the unique sentences presented in the first and last session. There was also significant procedural improvement within sessions. In a second experiment, they measured procedural learning with repeated measures of unique HINT and Quick Speech-in-Noise test (QuickSIN; Killion, Niquette, Gudmundsen, Revit, & Banerjee, 2004) sentences with 23 normal-hearing adult listeners, ranging in age from 60 to 79 years, with repeated testing across 3 separate days. Statistically significant improvements were seen with the HINT (0.4 dB) but not the QuickSIN sentences. In a final experiment, Yund and Woods examined learning in 11 older listeners, ranging in age from 60 to 79 years, with repeated testing of HINT and QuickSIN materials on 3 separate days within a 4-week interval. Statistically significant improvements (0.5 dB) in sentence recognition thresholds were seen with both materials when tested 3-6 months later.
There is also evidence of learning with successive measures of speech reception thresholds in interrupted noise. Rhebergen, Versfeld, and Dreschler (2008) have described a learning effect for sentence recognition in interrupted noise in eight normal-hearing Dutch adults. Seventy-eight lists (39 with a female speaker and 39 with a male speaker) of 13 sentences in the Dutch language were used. The interrupted noise had a duty cycle of 50% and interruption rate of 8 Hz. A continuous steady state noise was also used. Five successive sentence reception thresholds were determined in each noise with both speakers counterbalanced across participants. In total, participants listened to 20 lists generating 20 sentence reception thresholds (i.e., 2 Speakers × 2 Noises × 5 Tests). Rhebergen et al. (2008) reported significant main effects of speaker, noise, and test. Sentence reception thresholds were lower for the female speaker, interrupted noise, and with increasing test session. A significant Noise × Test interaction was also reported. Post hoc testing revealed that with the continuous noise test session was not significant. With the interrupted noise, a significant improvement was seen between the first and third test. Rhebergen et al. (2008) concluded that the improvement in interrupted noise was due to a learning effect.
It is difficult, however, to determine whether true learning (either content or procedural) was responsible for the effect that Rhebergen et al. (2008) observed in the interrupted noise. As noted above, the speech material they used consisted of 78 sentence lists. Each participant had five lists per condition, and with eight participants 40 lists were presented in each of the two interrupted test conditions (i.e., female and male speaker). With the limited number of participants, it is clear that not every one of the 78 lists was represented uniquely in each of the five test positions or with each female and male speaker. This may not have been an issue with the performance in continuous noise as the sentences "have the property that they are equally intelligible when presented in [stationary] speech-shaped noise at an equal rms level" (Versfeld, Daalder, Festen, & Houtgast, 2000 , pp. 1678 -1679 . The equivalency of the same sentences/ lists, however, has never been demonstrated in interrupted noise. It is conceivable that the lists of sentences administered to participants were not equivalent across test sessions and consequently improvements in sentence reception thresholds observed during repeated trials reflect this and not a leaning effect. Nonequivalence of other speech materials has been found when administered in interrupted broadband noise (Stuart, 2004) .
The purpose of this study was to reexamine the stability of sentence recognition in noise with repeated testing. Specifically, reception thresholds for sentences (RTSs) were examined as a function of test session (N = 5) and competition (i.e., interrupted and continuous noise) in normalhearing adults. It was hypothesized that RTSs would be superior in interrupted noise as previously demonstrated (Stuart, 2008; Stuart, Zhang, & Swink, 2010) and that RTSs would be stable across repeated testing with unique and completely balanced sentence materials presented to participants across test sessions (Yund & Woods, 2010) .
Method Participants
Participants were 25 young adults (M = 23.6 years, SD = 2.8; 21 women and four men). They presented with normal-hearing sensitivity as defined by pure-tone thresholds of ≤ 15 dB HL (American National Standards Institute, 2004) from 250 to 8000 Hz. Middle-ear function indices (i.e., ear canal volume, peak compensated static acoustic admittance, and tympanometric width) were normal (Roup, Wiley, Safady, & Stoppenbach, 1998) . Participants reported a negative history of hearing, speech, language, and cognitive disorders.
Apparatus
All participants were tested in a double wall soundtreated audiometric suite (Industrial Acoustics Corporation, New York, NY). A two-channel clinical audiometer (Grason Stadler GSI 61 Model 1761-9780XXE) with insert earphones (Etymotic Research Model ER-3A) was utilized for pure tone testing and speech-in-noise testing. The speech stimuli consisted of a compact disc recording of the HINT and a custom compact disc recording of competing backgrounds of continuous and interrupted noises. The HINT consists of 25 lists of 10 sentences. Sentences were of uniform length with six or seven syllables spoken by a male with general, unaccented, dialect-free American English. The competing continuous and interrupted broadband noises have been described in detail elsewhere (Stuart, 2004; Stuart & Phillips, 1996 . Both noises had an identical power spectrum and differed only in their temporal continuity. The interrupted noise was gated randomly with a rectangular on/off envelope and had a duty cycle of 0.50. The noise bursts and silent periods had durations of 5-95 ms. The recorded speech and noise stimuli were routed from a dual-disc compact disc player (Phillips Model CDR 765 K02) to the clinical audiometer during testing.
Procedure
The University and Medical Center Institutional Review Board at East Carolina University reviewed and approved the research study prior to any data collection. Signed consent was obtained from all participants prior to testing. The ear with the better three-frequency (i.e., 500, 1000, and 2000 Hz) pure tone average was chosen as the test ear. Eleven and 14 left and right ears were tested, respectively, with a mean pure tone average of 6.8 dB HL (SD = 3.5). Ten sentence lists from the HINT were presented monaurally in competing continuous and interrupted noises. The presentation order of lists was randomized. All 25 lists were presented in each noise condition and with each test session. No list was repeated to a participant. That is, each list contributed equally to each noise and test condition and all lists were unique in all noise conditions for each participant. The five lists in continuous noise and five lists in interrupted noise were counterbalanced. The speech and noise stimuli were presented ipsilaterally. The noises were presented at 65 dBA.
An adaptive technique was used to determine RTSs where sentences were varied in intensity to converge on a level of 50% of correct performance. The first sentences in the noises were presented at -15 dB signal-to-noise ratio (SNR). Presentation levels increased in 4-dB increments until the sentence was repeated correctly. The next sentence was presented 4 dB below the starting level with Sentences 3 and 4 bracketed either up or down in 4-dB steps depending on whether the preceding sentence was incorrect or correct, respectively. Sentences 5 to 10 followed in the same manner except the step size was 2 dB. Sentence 11 was not presented, but its presentation level, if there was one, was determined by the response on Sentence 10 (i.e., 2 dB lower if correct or 2 dB higher if incorrect). RTSs were determined by averaging the presentation levels of Sentences 5-11. The SNR at which the RTS was achieved was determined by subtracting the presentation level of the noise from the averaged RTS presentation level of Sentences 5-11.
Results
Individual and mean RTS SNRs (in dB) as a function of test and competing noise are presented in Figures 1 and 2 , respectively. A two-factor repeated analysis of variance was used to investigate differences in RTS SNRs as a function of test session and competing noise. As expected, the main effect of noise was significant, F(1, 24) = 851.03, p < .0001, h p 2 = .97. Performance was superior in the interrupted noise (i.e., RTSs were lower vs. continuous noise). The main effect of test session, F(4, 96) = 1.90, p = .12, h p 2 = .07, and the Test Session × Noise interaction, F(4, 96) = 1.84, p = .13, h p 2 = .07, were not statistically significant. Effect sizes, indexed by h 2 , of ≤0.10 and ≥0.40 are classified as small and large, respectively (Cohen, 1988) . To further examine the reliability of RTS SNRs across five sessions collapsed across noises, an intraclass correlation coefficient (3, 1) was calculated (Shrout & Fleiss, 1979) . The intraclass correlation was 0.85. Values above 0.75 are considered excellent (Fleiss, 1986) .
Discussion
It was hypothesized that RTSs would be stable across repeated testing with unique and completely balanced sentence materials. This was confirmed in that RTS SNRs were not significantly different as a function of test session. We interpreted this as evidence that there is no learning effect for sentence recognition in either continuous or interrupted noise with HINT materials in normal-hearing adults with repeated testing over a short period of time. This notion was supported by a negligible test session effect size and an excellent intraclass correlation coefficient for RTS SNRs across trials. Because sentence materials were unique, one can conclude that procedural learning was nonexistent in continuous broadband and interrupted noise. Although all RTS SNRs were completed in one experimental sitting, one could expect similar results with test sessions separated by days or months. For example, Yund and Woods (2010) found that HINT RTS SNRs for unique test materials improved significantly by 0.4 dB across three test sessions spread across 3 days and by 0.5 dB when testing was repeated 3-6 months later (a period consistent with a program of auditory rehabilitation training or hearing-aid acclimatization) in normal-hearing adult listeners. The minimal improvement they observed was attributed to procedural learning. Their small improvement may be related to differences between noise competitors in that study and the present one. They used continuous speech spectrum noise.
Our findings are consistent and contrary to those reported by Rhebergen et al. (2008) with continuous noise and interrupted noise, respectively. A learning effect was not observed in their study with continuous noise. Rhebergen et al. (2008) , in contrast to these findings, reported a learning effect for sentence recognition in 8 Hz interrupted noise. They observed sentence reception thresholds that significantly improved from the first to fifth test session by 3.4 dB. They suggested that the learning effect was related to the notion that "subjects need time to tune in to the grid of the interrupted noise, such that they become capable to fill in the blanks of the masked speech signal I [or] that subjects require practice to listen into the gaps of the noise (Rhebergen et al., 2008, pp. 187-188) . One may attribute the lack of a learning effect in the present study (compared with that of Rhebergen et al., 2008) to differences with interrupted noise and sentences (regular 8 Hz vs. random interruptions and English vs. Dutch materials, respectively). It is unlikely, however, that the reported learning effect is associated with the 8 Hz interrupted noise as Miller and Licklider (1950) reported that the effect of regular versus random interruptions with a 50% duty cycle were qualitatively similar. It is also difficult to attribute a learning effect to differences in sentence materials as the content and structure of the HINT sentences and the Dutch sentences are similar (Versfeld et al., 2000) . What remains, as noted above, is the likelihood that the lists of sentences that Rhebergen et al., 2008) administered to participants were not equivalent. Simply put, improvements in RTSs observed across repeated trials reflect the recognition of a corpus of easier sentences presented in subsequent sessions and not a learning effect.
As hypothesized, RTS SNRs with HINT materials were lower in interrupted noise, consistent with previous research (Stuart, 2008; Stuart et al., 2010) . Superior performance in interrupted noise is attributed to a perceptual advantage or "release from masking" in the interrupted noise. Enhanced performance in the interrupted noise versus the continuous noise is due to the listener's auditory temporal resolution, as the noises differ only in temporal continuity. The release from masking experienced by listeners has been expressed as a difference score calculated by subtracting a participant's RTS SNR in interrupted noise from their RTS SNR in continuous noise. The averaged difference score from participants in this study was 11 dB (see Figure 2) , which was comparable to the previously reported values in normal-hearing English-speaking adults of 9 dB and (Stuart, 2008) and 11 dB (Stuart et al., 2010) .
Conclusion
We examined the stability of sentence recognition in noise with repeated testing to see if a learning effect was evident with normal-hearing young adults. RTS SNRs with HINT sentences were superior in interrupted versus continuous noise, which was attributed to listeners' temporal resolution as the noises differed only in their temporal continuity. RTS SNRs were not significantly different across test session (N = 5). Simply put, a learning effect was not evident with repeated testing herein. We concur with Yund and Woods (2010) that the HINT can be utilized to "provide stable and sensitive measures of speech perception across repeated test sessions provided that sentences are not repeated" (p. 769). It remains to be demonstrated whether the same conclusion can be drawn in dissimilar listening conditions with other populations of normal and hearingimpaired listeners, speech materials, competing noises, and increased test sessions. For example, Sullivan, Thibodeau, and Assmann (2013) recently demonstrated that children with hearing impairments, following seven 1-hr auditory training sessions in continuous and interrupted noise conducted over a 3-week period, significantly improved RTSs at immediate and 3 months post training.
